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Abstract
Virtual reality is an innovative form of technology that has been used more and more in
vestibular rehabilitation therapy programs for individuals with chronic balance problems.
Blender and Unity game engines were used to create a 3D interactive virtual reality video
game intended for Oculus devices in order for individuals to utilize the game to perform
vestibular rehabilitation exercises. The activities in the video game are based on the
Cawthorne-Cooksey exercises commonly used in vestibular rehabilitation. The exercises
target eye movement, head movement, stretch movement, and bilateral coordination;
repetitive motion is used to help train and treat the individual’s vestibular dysfunction in an
engaging game environment.
Virtual reality-based vestibular rehabilitation has the capacity to create enjoyable and
effective rehabilitation experiences for patients experiencing chronic dizziness. If used
consistently, virtual reality-based therapy has the potential to reduce the symptoms of
dizziness, as with traditional vestibular rehabilitation.
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Introduction
The game designed for the purposes of this project was created in an attempt to
modernize, and to offer an innovative solution, to the traditionally accepted vestibular
rehabilitation methods utilized to treat those with chronic dizziness and vertigo. The proposed
game offers three scenarios focused on four exercises based on the Cawthorne-Cooksey
vestibular training exercises. Following a brief introduction to the vestibular system as a whole is
an introduction to virtual reality and its role in vestibular rehabilitation, particularly in
comparison to traditional methods of vestibular rehabilitation. A detailed explanation of the
design and animation process utilized to create the proposed virtual reality game follows the
review of literature. Although the world of virtual reality-based vestibular rehabilitation is
limited, the proposed game is modeled after several existing virtual reality-based treatment plans.
Limitations of the existing virtual reality-based treatment plans were taken into consideration
upon determining the modifications implemented to improve the quality and function of the
treatment. Additional research on the effectiveness of the proposed virtual reality game is
necessary prior to drawing any conclusions; however, the research provided below indicates that
if designed and utilized properly, virtual reality can be as effective as conventional methods of
vestibular rehabilitation.
Background and Review of the Literature
Chronic dizziness and vertigo are widespread, affecting 20-30% of adults, and increasing
in prevalence after the age of 65 (Stankiewicz et al., 2020). Symptoms of dizziness can vary
greatly in severity. Individuals may experience mild lightheadedness or disequilibrium, whereas
others may experience severe and debilitating vertigo. Although dizziness can be triggered by
numerous factors, such as anxiety and dehydration, chronic dizziness and vertigo may in fact be
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related to a disorder affecting the vestibular system (Tusa, 2009). The vestibular system is
expansive, requiring communication between the peripheral vestibular system, as well as “the
ocular system, postural muscles, the brainstem, cerebellum, and the cortex” (Khan and Chang,
2013, p.1). The peripheral vestibular system contains the bony and membranous labyrinths
located in the temporal bone portion of the skull. The cochlea, or the hearing organ, the
semicircular canals, and the vestibule comprise the bony labyrinth. The structures sitting within
the bony labyrinth contain perilymph, a fluid with a similar composition to cerebrospinal fluid.
The membranous labyrinth sits within the bony labyrinth, and holds the sensory structures of the
vestibular system. The membranous labyrinth also contains endolymph, a fluid similar in
composition to intracellular fluid, which flows through the structures in the membranous
labyrinth (2013).
Next, the vestibular mechanism is comprised of five structures: two otoliths known as the
utricle and the saccule, and three semicircular canals (2013). The two otoliths are responsible for
linear movement (Angelaki and Cullen, 2008), as well as “gravitational forces, and tilting of the
head” (Khan and Chang, p.3, 2013), essentially orienting the head in space. Each otolith contains
a structure called the macula. The macula of the saccule senses vertical motion, whereas the
macula of the utricle senses horizontal motion (2013). These movements are complementary, and
aid in the proper function of the vestibular system, even when an individual remains at rest
(2008). The semicircular canals comprise the kinetic labyrinth which “senses angular
acceleration or rotation of the head”, with both labyrinths set at right angles to one another (Khan
and Chang, p.4, 2013). The semicircular canals are aligned in such a way that each one senses
movement on a specific plane. The semicircular canals lead into the utricle, and at the end of
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each canal sits the ampulla. The ampulla is coated in a gelatinous structure known as the cupula
that is embedded with hair cells.
These structures play an important role in movements as simple as turning one’s head to
the side. If, for example an individual were to turn his or her head to the left, a chain of events
must occur within the entirety of the vestibular system in order for the motion to occur, and for
the individual to keep one’s head in an upright, balanced position. One must also consider the
role of the vestibular nerve in the function of the vestibular system. The vestibular nerve
connects with the cochlear nerve, thereby becoming the vestibulocochlear nerve. This nerve is
expansive, traveling with the facial nerve and through the internal auditory canal, past the
cerebellopontine angle, and into the brainstem and cerebellum (2013). It should be noted that
while this paper focuses on lesions to the peripheral vestibular system, many critical vestibular
functions are related to the central vestibular system and the structures of the brain. However,
these are not the focus of the paper and the proposed treatment, therefore only a brief overview
will be provided.
One of the structures of the central vestibular system is the cerebellum, which sits on the
brainstem and plays a significant role in generating various postural reflexes (2013). For
example, a structure within the cerebellum helps to make adjustments in the vestibuloocular
reflex. The function of this reflex is to help coordinate movement of the eyes to maintain
stability during head movements (2013). This reflex involves coordination of the semicircular
canals all the way to the vestibular nuclei to the muscles known as the extraocular muscles,
ultimately resulting in the eyes moving in the opposite direction that the head is turning.
Meaning that if the head turns to the right, the network of vestibular structures work together to
produce a leftward eye movement. Structures within the central vestibular system are also
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responsible for other critical reflexes such as the vestibulospinal reflex necessary for head and
neck movement, and the vestibulocollic reflex that helps to ensure stability and correct
orientation of the head (2013). As mentioned above, while these are all important structures and
functions of the vestibular system as a whole, they are not the focus of this paper. The proposed
game is designed to target lesions to the peripheral vestibular system.
It is clear that the vestibular system as a whole is multifaceted and interconnected, and
lesions to any part of the system can cause discomfort to the individual. Vestibular disorders are
sorted into two broad categories- central and peripheral, and then further into unilateral or
bilateral. As mentioned above, the central vestibular system is comprised of structures within the
brain, therefore a central vestibular pathology affects one of these structures, such as the
cerebellum or the brainstem. In contrast, and the focus of this paper, a peripheral vestibular
lesion implies that a structure within the peripheral vestibular system is affected, such as the
semicircular canals.
Bilateral vestibular dysfunction implies that the site of lesion affects both sides of the
vestibular system. The etiology can be peripheral or central. Unilateral vestibular dysfunction
implies that the site of lesion is on one side of the vestibular system, indicating peripheral
dysfunction, as it is not affecting the brain. Some examples of peripheral vestibular disorders
include vestibular neuritis, labyrinthitis, as well as Benign Paroxysmal Positional Vertigo
(BPPV) (Hillier and McDonnel, 2011). Symptoms of these disorders can be alleviated with the
help of vestibular rehabilitation therapy and therefore, the rehabilitation of peripheral vestibular
dysfunction is the focus of the capstone project.
Traditional vestibular rehabilitation therapy (VRT) is built on a foundation of exercises
that are designed to aid the individual with vestibular adaptation and substitution. Essentially,
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performing repetitive and stimulating movements of the head and eyes in order to help restore
the stability of the vestibular system. “The goals of VRT are 1) to enhance gaze stability, 2) to
enhance postural stability, 3) to improve vertigo, and 4) to improve activities of daily living”
(Han, Song, and Kim, 2011, p.3). The foundation of VRT lies on the concepts of adaptation,
substitution, somatosensory cues, habituation, and other postural strategies. To break these
concepts down even further, adaptation refers to repetitive head and eye movements meant to
restore vestibule-ocular function and stability, as well as decrease the feeling of disequilibrium
(Sharma & Gupta, 2020). Habituation requires the identification of the specific movements that
cause intense symptoms in the individual, and utilizing exercises that effectively replicate the
evocative movements, eventually reducing the intensity of the reaction (2011). Substitution
refers to focusing on different strategies and senses to replace the function that is affected,
essentially compensating for the problem (2011). Somatosensory and postural strategies are
important to vestibular rehabilitation; however, are not relevant in the proposed rehabilitative
exercises. Vestibular exercises can be split into two categories: physical therapy and canalith
repositioning therapy. Physical therapy style exercises typically involve elements of balance
rehabilitation and balance training.
Some of the earliest VRT exercises, known as the Cawthorne-Cooksey exercises, were
developed by Cawthorne and Cooksey in order to aid those with labyrinth injuries. As described
above, the bony and membranous labyrinths are important structures in the peripheral vestibular
system. The exercises are meant to train a patient to maintain balance by focusing on their ability
to control eye movements and head movements, stretching of the extremities, as well as body
balance (Yeh et al., 2014). The exercises are repeated multiple times, and will enhance the
cervico-ocular reflexes, helping them to retain balance during dizzy episodes. The focus of this
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method of vestibular rehabilitation is to achieve vestibular compensation by way of adaptation,
habituation, and substitution (Afrasiabifar et al., 2017). One exercise, for example, is meant to
isolate different parts of one’s body, such as moving the eyes without moving the head, or
moving one’s head without changing the position of the body (2014). The individual is tasked
with completing optokinetic training with exercises involving head and eye movements, in
addition to the upper body (Rosiak et al., 2018). VRT exercises can include exercises for
strengthening and flexibility, as well as “…voluntary eye movements and fixations (visual
stabilization exercises), active head movements (recalibration of the VOR), active body
movements (improvement of vestibulospinal regulation) …” (Han, Song, and Kim, 2011, p.9).
The Cawthorne-Cooksey exercises are often time consuming and tedious for the patient, as they
need to be repeated many times over.
Although the Cawthorne-Cooksey exercises can prove to be tedious for the vestibular
patient, the exercises are indeed effective in providing relief to those experiencing symptoms of
dizziness. In a 2003 study, authors Corna et al. sought out to compare the effectiveness of the
Cawthorne-Cooksey exercises to “other treatments” (Corna et al., 2003, p.2), as there was no
existing systematic comparison of the Cawthorne-Cooksey exercises to other commonly used
treatment options. Thirty-two participants with a unilateral vestibular dysfunction were divided
into two groups. The first group, treated utilizing the Cawthorne-Cooksey exercises, participated
in ten sessions, twice a day, for five consecutive days. The authors measured the outcomes by
assessing the participants body sway with eyes open (EO) and eyes closed (EC) before and after
treatment. The Cawthorne-Cooksey exercises were comprised of:
…a series of exercises of increasing complexity involving first eye and head movements and
then movements of the whole body while lying down, sitting, and in the upright position both
with EO and EC. The full set of these exercises was administered to the patients: each exercise
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was repeated 5 times, first in the EO condition and then in the EC condition. (Corna et al., 2003,
p.3)
The second group was assigned instrumental rehabilitation. The participants were tasked with
standing upright on a movable platform with their eyes open then eyes closed, and the body
oriented in different directions as compared to the platform. The platform moved sinusoidally
forward and backward, with eight trials performed for each body orientation and visual condition
(eyes open and eyes closed). Body sway was assessed using stabilometry with the help of a
dynamometric platform able to assess the stability of each participant. The participants also
provided subjective results by completing the Dizziness Handicap Inventory (DHI). The DHI is a
self-evaluation tool that allow the authors to quantify each participant’s perception of dizziness.
The authors found that both methods of rehabilitation were effective in improving the
participants’ balance in both conditions. Both groups displayed a significant (P<.00001) decrease
in sway symptoms and sway area as compared to before treatment. The Cawthorne-Cooksey
group and the instrumental rehabilitation group were able to reduce their DHI scores by 14 and
27 points, respectively; a significant reduction (P<.002) in DHI scores which indicate
improvement in the participants’ subjective perception of dizziness. Although this study included
a fairly small sample size, it is important to note that the Cawthorne-Cooksey exercises were
effective in ameliorating the symptoms of the participants (2003), and can be utilized in the
treatment of peripheral vestibular lesions.
A new method for vestibular rehabilitation has emerged in recent years. While there is
still limited research on the efficacy of virtual reality as a method for vestibular rehabilitation,
some individuals are exploring it as an alternative to traditional vestibular rehabilitation (Garcia
et al. 2013). VR offers an experience within an interactive, “computer-generated” environment.

7

Individuals effectively immerses themselves into the virtual environment, and are able to
perform a number of actions or manipulate the environment. Virtual reality in itself can take
numerous forms, the most accessible of which is a VR headset. These headsets can include
controls for the players’ hands, allowing them to interact with and manipulate the virtual
environment. These devices are accessible to consumers, as they are sold in stores and on the
internet, with some of the least expensive models starting at roughly $30.
Although the incorporation of VR into vestibular rehabilitation is not widespread at this
time, several studies have found that it is an effective method of rehabilitation for individuals
with vestibular dysfunction. In one such study (Pavlou et al., 2012), the researchers suggested
that visual vertigo occurs as a result of visual dependence caused by an individual relying too
much on visual cues in perception and postural control. This results in postural instability and
vestibular symptoms in highly stimulating environments, such as in crowds or in moving traffic.
Their solution was to use VR to simulate realistic and interactive environments in which to
immerse the patient, helping them learn to adapt to and desensitize to the environment. The
authors projected various images onto a series of screens in order to create an immersive
therapeutic experience for the participants. A combination of traditional vestibular rehabilitation
exercises and exposure to optokinetic stimuli, such as a crowded street, were used in order to
improve the symptoms of visual vertigo. Figure 1.1 shows an example of the optokinetic stimuli
used by the authors in this pilot study. The crowd moving along the street in the virtual
environment acts as the stimulating environment that causes symptoms of visual vertigo in the
individuals.
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Figure 1.1 (Pavlou et al., p.3 2012)
The authors split the participants into three groups, one treated utilizing dynamic virtual
reality (Group D), the second utilizing static virtual reality (Group S), and the third utilizing both
static and dynamic (Group D1). The differences in treatment were as follows: the two groups
were exposed to the same virtual reality scene; however, Group D was exposed to a scene with
moving figures, whereas Group S was exposed to the same scene, but the image was stationary.
Group D1 was exposed to both the moving and the stationary images on the screen. The
participants were also tasked with performing the Cawthorne-Cooksey exercises separately at
home. The results indicated that the symptoms of visual vertigo experienced by the participants
improved significantly with a dynamic approach. Group D displayed a 25.8% in improvement in
symptoms, whereas group D1 had an overall 59.2% in improvement, as compared to the 1.6%
improvement seen by Group S.
In a different study, Alahmari et al. (2014) compared the use of VR based therapy to
customized vestibular physical therapy as the method of treatment to habituate the symptoms of
dizziness. Of the thirty-eight patients with vestibular disorders, twenty received VR based
therapy, and eighteen received physical therapy. The VR based therapy consisted of the
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participants walking on a treadmill with a virtual grocery store environment displayed on a
screen in front of them. The participants were tasked with walking on the treadmill as though
they were moving through the aisles in a virtual grocery store. The participants were able to selfselect the walking speed according to their level of comfort. As the patients walked through the
aisles of the store, therapists asked them to locate certain products on the shelves, and the
participants responded verbally once the product was located. Figure 1.2 shows an image of the
VR game that was used. The image shows a treadmill with a grocery cart attached to it,
simulating a real grocery store setting. Each session lasted for one hour, with four minute trials,
over a period of six weeks. As the participants developed a higher tolerance to the simulation, the
complexity increased from aisle one being the simplest to aisle 16 being the most complex. The
exercises for the physical therapy group consisted of gaze stabilization, standing balance, and
walking exercises tailored to each participant.

Figure 1.2 (Alahmari et al., p.3, 2014)
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Participants in the physical therapy group received six sessions of treatment (one per
week) by a physical therapist. The first session served as a baseline evaluation, and was followed
by five 45-60 minute sessions. The purpose of the physical therapy program was to focus on four
specific elements: gaze stabilization for head movements, space and motion sensitivity, dizziness
brought on by head movements, and postural instability and imbalance (2014). In addition to the
six sessions, the participants were asked to perform home exercises and track their daily exercise.
The authors utilized several self-report measures in order to assess the patients’
subjective experience of their symptoms. The Activities-specific Balance Confidence scale
(ABC) was used to assess the patients’ perception of balance confidence for sixteen daily
activities. Higher scores indicate high levels of confidence in balance upon performing each
activity, whereas low scores indicate low levels of confidence in balance. The Dizziness
Handicap Inventory (DHI), as previously mentioned is intended to record the level of perceived
handicap upon feeling symptoms of dizziness. The authors also utilized the Situational
Characteristics Questionnaire (SCQ) in which the participants must rate various situations
causing discomfort or dizziness. This questionnaire has two parts: A and B. The authors note that
utilizing part A is helpful in identifying “patients with vestibular dysfunction among patients
complaining of anxiety disorders” (Alahmari et al., 2014, p.4). Part B is similarly helpful in
identifying individuals with vestibular disorders, as participants must identify feelings of anxiety
and discomfort associated with vestibular disorders. Each participant completed these self-report
measures one week prior to treatment, one week post-treatment, and six months post treatment.
Results of this study indicated no significant differences between the VR and physical therapy
groups (p>0.05); however, the authors reported significant improvements in performance
measures for both groups, as well as improvements in self-reported symptoms after the
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completion of treatment. The authors compared self-reported symptoms one week pre-treatment,
one week post-treatment, and six months post treatment. The participants’ scores for the ABC,
DHI, and SCQ part B all increased significantly (P<0.001) one week post-treatment and 6months post treatment, indicating better outcomes post treatment as compared to before
(Alahmari et al., 2014). For example, the average pre-treatment scores on the ABC were 66±20
and 67±30 for the VR based treatment and physical therapy groups, respectively. One week post
treatment, the scores increased to 75±20 and 79±28, followed by 81±16 and 78±29 6 months
post treatment. These scores indicate that physical therapy group experienced the most
improvement one week post treatment, while the VR group continued to improve 6 months post
treatment. The scores for the DHI and SCQ part B varied slightly in that a lower score indicated
a more desirable outcome. Both groups reported lower scores on the DHI and the SCQ part B
one week post treatment and six-months post treatment, indicating an improvement in symptoms.
In contrast to the two studies described above, Yeh et al. (2014) utilized the CawthorneCooksey exercises as the basis for VR based rehabilitation. The tasks were categorized into four
games modeled after the Cawthorne-Cooksey exercises: eyeball movement, head movement,
extremity stretching, and bilateral body balancing. Essentially, the Cawthorne-Cooksey exercises
function to repeatedly expose the participant to a provocative movement or stimulus that will
cause a decline in the pathologic response of the vestibular system (Taçalan et al. 2020). The
response of the vestibular system is meant to fatigue and is forced to habituate to the stimulus
presented. The three-dimensional VR exercises included both audio and visual guidance
instructing the participants to complete the tasks. The goal of the eye movement exercises was to
train the participants to control the speed and movement of their eyeballs in several directions.
The participants were instructed to keep their heads stationary and move their eyes to the right
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side of the screen and read the list of numbers displayed. The task of moving just one’s eyes is an
example of the previously mentioned voluntary eye movements. The individual must gain
strength in performing this exercise, as it is meant to aid in visual stabilization (Han, Song, and
Kim, 2011). The head movement task was similar to the eye movement task; however, the
purpose was to control the participants head movements, isolating them from the eye
movements. The participants looked at a red box in the middle of the screen, reading numbers
around the box by moving their heads. The numbers appearing around the box were shown in a
clockwise/counterclockwise motion. As mentioned by Han, Song, and Kim (2011), these active
head movements can help to recalibrate the vestibuloocular reflex. Repeated head movements,
such as the task presented in this study can be effective in vestibular adaptation; however, it
should be noted that not all head movements are effective (2011). Han, Song, and Kim (2011)
note that horizontal and vertical head movements are the most effective in improving the
vestibuloocular reflex. Stretch movement exercises include tasks such as stooping or stretching,
and the participants were tasked with bending down to grasp a basketball, straighten their bodies,
lift their arms above their shoulder, rotate their heads, shoulders, and waist, and throw the
basketball into a randomly assigned hoop. Finally, the bilateral coordination movement exercises
are movements using both hands at the same time. The participants were told to throw and catch
a virtual ball with both hands, as well as back and forth from hand to hand. The stretch and
bilateral coordination exercises are examples of active body movements that are meant to
improve vestibulospinal regulation (2011). As previously mentioned, some of the primary
elements of VRT are habituation and adaptation. The participants of the study are tasked with
repeating these evocative motions in an effort to reduce the severity of their symptoms. Figure
1.3 shows sample images from each of the exercises listed above.
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Figure 1.3 (Yeh et al., p.3, 2014)
The participants in the Yeh et al. (2014) study consisted of forty-nine adults, each with
chronic disequilibrium and vestibular dysfunction as the result of an inner ear disease such as
Meniere’s disease, cervicogenic vertigo, or BPPV (2014). A comparison between pre-and postVR training results revealed a significant improvement in all scores (p<0.01), with the exception
of the head movement exercise, though there was a trend of improvement. The participants also
showed significant improvement in the non-stimulation balance condition, and a trend of
improvement for the other balance conditions. The combined results indicated that the above VR
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vestibular rehabilitation exercises were effective in helping the patients improve their upright
balance control.
While this method of vestibular rehabilitation was effective for the patients, the virtual
settings used in the study are not realistic images. The graphics utilized in all three of the
previously mentioned studies appear more cartoon-like rather than realistic. If the goal of VR
based therapy is to immerse the patient in a realistic experience, perhaps it would be more
helpful to include more real-world looking graphics.
In a similar study, conducted by Hsu et al. (2017), the authors also utilized the
Cawthorne-Cooksey exercises as a base for VR therapy. More specifically, the authors assessed
the impact that a three-dimensional VR rehabilitation treatment would have on patients with
Meniere’s disease and chronic vestibular dysfunction. The VR exercises consisted of 4 training
tasks based around the Cawthorne-Cooksey exercises: eye movement, head movement,
extension, and coordination exercises, all performed in six training sessions over a period of four
weeks. The authors compared the participants’ baseline scores to find their final scores post
treatment. They found significant improvement in both the extension and coordination scores of
the patients. Fifty patients with Meniere’s disease participated in this study. Each participant had
chronic disequilibrium, and was tasked with completing at least six of the vestibular
rehabilitation sessions during a four-week period. At the end of the four weeks, all of the patients
trended toward improvement in balance while performing daily activities, while maintaining a
positive attitude in regards to the training protocol. The authors noted a reduction in scores
among participants on statokinesigram performance, when compared to their baseline scores.
Significant improvements (P<0.05) on the modified Cawthorne-Cooksey exercises performed
initially were reported as well. Scores improved from 66.6 to 74.6, with higher scores indicating
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improvement in symptoms. The authors found that using this method of vestibular rehabilitation,
the participants showed a lower overall divergence from the center of gravity, meaning that the
participants showed improvement in balance control following treatment.
While all of the previously discussed studies remain relevant, especially in helping to
understand how VR-based vestibular rehabilitation has changed over time, researchers continue
to seek better understanding of the effectiveness of VR based vestibular rehabilitation. In a 2018
study conducted by Rosiak et al., the researchers incorporated many of the same foundational
concepts as the above studies; however, they focused on patients with peripheral vestibular
dysfunction and utilized a “Hybrid VR device”, which they defined as “devices built from
accessories derived from commercially available technologies and combine motion sensors,
force plate technology and a display for providing visual feedback and generating the VR
environment” (Rosiak et al., 2018, p.2) The researchers state that a hybrid device is ideal for
these purposes, as it is a lower-cost option as compared to traditional VR headsets. The device
works by detecting “movement from the upper part of the body and measuring the center of
pressure displacement” (Rosiak et al., 2018, p.2). Essentially, this device allows for the patient to
have a wider range of motion, which can have a more positive effect on their postural control, as
well as their dizziness and vertigo symptoms.
In the study, fifty participants were assigned to two separate groups: the first participated
in ten training sessions for thirty minutes at a time, over a two-week period. The hybrid VR
device included a force plate, a motion sensor for upper body movements, and a central unit
containing a flat screen display. The participants of the VR group were tasked with performing a
series of exercises “coordinating upper body movement and maintaining the center of pressure in
a predetermined range or shifting the center of pressure towards indicated positions” (Rosiak et
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al., 2018, p.3). The software provided eight different balance exercises with 28 levels of
difficulty that allowed for participants to challenge themselves. These sessions were supervised
by a physiotherapist. The VR game utilized for this game, “Meteorites”, is a game set in space in
which the participants could target moving meteorites and satellites in order to eliminate them.
The participants in the traditional vestibular rehabilitation group were taught how to properly
perform the Cawthorne-Cooksey exercises at home and were tasked with performing them three
times each day.
The groups were asked to complete the Vertigo Symptom Scale- Short Form (VSS-SF)
questionnaire before treatment and one month after treatment. Prior to treatment, the VR group
scored a combined 27 points for balance and anxiety symptoms, and the traditional vestibular
rehabilitation group had a combined score of 34 for balance and anxiety symptoms. One month
after treatment, the VR group scored 18 points and the traditional vestibular rehabilitation group
scored 26 points. Lower scores on the VSS-SF indicate an improvement in symptoms of
imbalance and anxiety. The authors found that both groups experienced a significant
improvement in self-reported symptoms (p=0.001), with greater improvement in the VR group
p<0.05. The data provided by Rosiak et al. (2018) is indicative of the usefulness of VR in
vestibular rehabilitation; however, the setup described is complex and requires many tools in
order to be utilized. While their method of VR is effective in treating vestibular rehabilitation, it
cannot be easily transferred to a home setting, as it requires supervision from a physiotherapist.
More recently, a study conducted by Stankiewicz et al. (2020) similarly compared VRbased vestibular rehabilitation versus the traditional Cawthorne-Cooksey method for individuals
with peripheral vestibular dysfunction. Twenty patients were selected after having undergone
various examinations, such as the Dix-Hallpike maneuver, videonystagmography, and an
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audiological evaluation. Patients who displayed “vertigo with chronic unilateral peripheral
damage to the vestibular system” (Stankiewicz et al., 2020, p.2) were accepted into the study.
The participants were split into two groups. The first group consisted of 10 participants treated
with virtual reality-based therapy over a period of five consecutive days, during which time the
participants performed “a set of conventional Cawthorne-Cooksey exercises…enriched with
exercises using virtual reality” (2020). The second group also consisted of ten participants, who
were tasked with performing traditional Cawthorne-Cooksey exercises. Their treatment plan also
consisted of five sessions over five consecutive days.
For this particular study, Stankiewicz et al. chose to utilize the Google Cardboard
platform. The participants in Group 1 utilized the VR Roller Coaster application, that creates a
“simulated roller coaster ride, an entertainment application comprised of steep hills and valleys
over which one travels in an open top train carriage with other passengers” (2020). To quantify
their changes in symptoms, the participants were asked to complete two questionnaires: the VSSSF and the Visual Analog Scale (VAS). The VSS-SF questionnaire is a condensed version of the
original VSS scale, a measurement tool created by Yardley (1992), allowing the authors to
quantify the “physical sensations and the emotional state of the patient” (Stankiewicz et al.,
2020, p.3). The VAS is an evaluation tool that similarly allows the authors to quantify the
patients’ symptoms such as dizziness, vertigo, and pain in a comprehensible format (Toupet et
al., 2011). The patients completed the VSS-SF questionnaire twice, once before their treatment,
and once four weeks after, while the VAS was performed both before and after the end of the
treatment program, as well as at the end of each treatment session.
At the end of the treatment program, the authors found that both groups indicated
significantly lower values on both the VSS-SF and the VAS questionnaires as compared to their
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scores at the start of treatment (p<0.001), indicating an improvement in their symptoms. It was
also found that the participants in Group 2 indicated greater severity of symptoms on the VAS
scale after their second and third visits, as compared to Group 1. Meaning that the participants
experience the effects of the virtual reality-based therapy at an earlier stage of treatment than do
those receiving conventional treatment (2020). In addition to the difference in perceived
symptoms, the participants in Group 1 reported significantly higher levels of satisfaction
(p=0.015) as compared to Group 2. Therefore, the authors were able to conclude that VR based
vestibular rehabilitation in patients with peripheral vestibular dysfunction, was as effective as
more traditional rehabilitation, such as the Cawthorne-Cooksey exercises; however, VR offers
higher levels of patient satisfaction.
It should be noted that although the authors named the methods utilized for this study, the
descriptions of the methods utilized by both experimental groups were limited. Utilizing the VR
Roller Coaster application, likely elicited feelings of dizziness from the patients; however, the
authors excluded a description of the imaging and mechanism of the VR itself. Additionally,
while a rollercoaster simulation is effective in eliciting feelings of dizziness, this situation cannot
be easily generalized to an individual’s regular day-to-day life. The proposed application seeks to
engage the player in more typical, and more easily generalized situations and movements in
order to treat symptoms of dizziness.
The results highlighted in each of the studies indicate that VR based therapy has the
capacity to help alleviate symptoms of dizziness among patients experiencing chronic dizziness
as effectively as traditional vestibular rehabilitation. Utilizing virtual exercises based on
commonly utilized vestibular rehabilitation techniques will allow for patients to target the same
elements as in traditional VRT.
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The studies utilizing VR-based therapy for vestibular rehabilitation reviewed in this paper
are summarized in the table below. They are separated in terms of the type of vestibular
dysfunction, the type of therapy used, the timing/duration of therapy, and key findings and
limitations. Each of the studies focused on individuals with peripheral vestibular dysfunction.
This is important to note, as the VR-based treatment proposed in this paper is similarly suggested
for those with peripheral vestibular lesions. Additionally, each of the studies explored the use of
some form of VR-based therapy as compared to a conventional physical therapy-based
treatment; however, only three of the six studies highlighted utilized the Cawthorne-Cooksey
exercises at some point in the design. This is critical, as the Cawthorne-Cooksey exercises play a
prominent role in the proposed treatment plan, much of which was inspired by the design of Yeh
et al. (2014), who incorporated the Cawthorne-Cooksey exercises into the VR treatment. There
are numerous, limitations in each of the above studies, the most notable being the sample size of
the experimental groups. This indicates that the results are not as easily generalizable to the
overall population. Additionally, the VR utilized in each of the studies does not accurately
replicate a realistic environment. As evidenced by the figures above, many of the designs are not
as realistically immersive as perhaps the authors intended. This could very well be due to the
technology available at the time; however, more realistic three-dimensional environments would
be preferable in order to more closely replicate their everyday environments. A task that is
possible with the use of specific game engines and VR headsets. Despite the limitations
discussed, the results of each of the studies indicate that VR treatment is just as effective as
conventional treatment plans, and in some instances, VR based treatment proved to be
significantly more enjoyable than the conventional method.

20

Table:
Author

Type of
Lesion

Type of
therapy

Duration

Key findings

Limitations

Pavlou et
al., 2012

Peripheral
vestibular
dysfunction

3D immersive
static vs.
dynamic
environment

Two 45minute
sessions
each week
over a 4week
period.

Significant
improvement in
situational
vertigo
questionnaire
and VR
cumulative
exercise
symptom scores
in the dynamic
group as
compared to
static group.
No significant
between-group
differences for
anxiety and
depression
assessments,
dynamic gait
index (DGI),
and total phobia
scores.

-Utilized
projection
screens rather
than headmounted
devices. These
are more
expensive and
not portable,
therefore not
as easily
generalizable.
-Small sample
size.
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Alahmari et
al., 2014

Central,
VR vs.
peripheral, or Physical
mixed central Therapy
and
peripheral
vestibular
disorders.

1 hour
session per
week/6
weeks

No significant
difference
between VR
and physical
therapy group
performances.
Significant
improvements
in performance
measures for
both groups.
Significant
improvements
in self-reported
symptoms for
both groups.

-Nonrandomized
experimental
groups.

Yeh et al.,
2014

Chronic
vestibular
dysfunction,
such as those
with BPPV,
cervicogenic
vertigo, or
inner ear
disease
(Meniere’s).

6 training
sessions
over a 4week
period.

-Significant
improvement in
post-training
test scores for
all exercises,
with the
exception of
head exercises.
-Balance
indices in the
non-stimulation
condition
showed
significant
improvement,
and the
remaining four
balance indices
demonstrated a
trend of
improvement.

-Non-realistic
two, nonimmersive
visuals.

VR based
CawthorneCooksey
exercises.
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Hsu et al.,
2017

Patients
diagnosed
with
Meniere’s
disease.

CawthorneCooksey
exercises via
virtual reality
vs. traditional
method.

6-sessions
over a 4week
period.

Significant
improvements
in participants’
extension and
coordination
scores.

-Limited to
patients with
Meniere’s
disease.
-Authors did
not describe
the VR
experience and
modifications
of CawthorneCooksey
exercises.

Rosiak et
al., 2018

Unilateral
peripheral
vestibular
dysfunction

Hybrid VR vs.
static
posturography
with visual
feedback

Ten 30minute
sessions
over a twoweek
period.

-Both groups of
participants
improved
significantly
in the
posturographic
components;
however, there
were no
differences
between the
groups.
-Both groups
showed
statistically
significant
improvement in
their perception
of symptoms
based on the
VSS-SF scale;
however, the
VR group
showed greater
improvement.

Limited
research on
hybrid VR
systems

Virtual
Reality vs.
CawthorneCooksey
exercises

5 treatment
sessions for
5
consecutive
days

- Both groups
experienced
significantly
lower scores on
the utilized

This study
included a
small sample
size, and the
patients were
selected from

Stankiewicz Peripheral
et al., 2020 vestibular
dysfunction
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VSS-SF and the
(VAS).
-The traditional
therapy group
experienced
more severe
symptoms on
the VAS than
did the VR
group during
the second and
third sessions.
-Those in the
VR group
reported
significantly
higher levels of
satisfaction as
compared to the
CawthorneCooksey
group.

a single center.
The results
from this
experiment
cannot be
easily
generalized to
the general
public.

Purpose and aims:
The overall goal of the proposed virtual reality-based treatment is to further build on the
existing research of the effectiveness of VR-based vestibular rehabilitation, with a focus on
incorporating the Cawthorne-Cooksey exercises in the VR training method. The goal of this
application is to create a new, user friendly, virtual reality game that can be utilized by
individuals with peripheral vestibular dysfunction. More specifically, the aims are:
•

To develop a VR game for Oculus devices, which can be utilized in any environment (i.e.
in the home, in a clinical setting).

•

The app will include a game with 3 different scenarios and 4 different exercises modeled
after the Cawthorne-Cooksey exercises.
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•

The games will have the ability to increase the amount of time spent on the rehabilitative
exercises and allow for more enjoyable home based therapy.

Hypothesis:
A virtual-reality game simulation based on the Cawthorne-Cooksey exercises will be an effective
and enjoyable method for vestibular rehabilitation, with greater ecological validity, for patients
with symptoms of chronic dizziness. This virtual reality game simulation offers an immersive
three-dimensional environment with which the individual can interact in order to successfully
perform the tasks.
Note: A separate, future project is necessary to evaluate the efficacy of this treatment for
individuals with peripheral vestibular dysfunction.

Methods
Virtual Reality Design
Game Engines: In order to create the initial game scenarios, the free game engine,
Blender, was utilized. Blender is used by game developers, as it allows for the creation of 3dimensional scenarios using modeling, animation, simulation, rendering, video editing, and
various other game creation elements. Blender has a function that allows for the creation of 360degree virtual reality pieces.
All of the objects in the scenes listed below were constructed from rudimentary shapes
known as mesh. In Blender, mesh objects can come in a variety of shapes such as a cube, sphere,
cylinder etc. The mesh objects utilized for the purposes of this project were all three-dimensional
to allow for a more lifelike image. These simple mesh objects can be manipulated and
constructed into more complex objects, such as a bookshelf, a desk, and even an airplane. The
scenes were modeled carefully, taking into account the size and area of the space.
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After designing and modeling each of the scenes, they are transferred to a separate game
engine known as Unity. Unity is an integrated development environment (IDE) which allows
game developers to create media, most often video games or virtual reality projects. “Unity is a
toolset used to build games, and it’s the technology that executes the graphics, the audio, the
physics, the interactions, and the networking” (Haas, p.2, 2014). Essentially, Blender was
utilized as a design tool, whereas Unity was used as a development and animation tool. There are
numerous versions of Unity accounts- those for professional developers, students, and
independent developers. For the purposes of this project, the free UnityPro option was utilized.
Once in the Unity Hub, the 2019 Unity editor was downloaded. It should be noted that a
newer version was not utilized for development in light of equipment limitations. Unity offers
templates for VR projects. A template was utilized, and each individual scene was transferred
from Blender into Unity via FBX. FBX was chosen as the export method, as it allows for all of
the elements in the scene to be preserved as it is exported (eg. materials, textures, animation
etc.). FBX also allows the developer to control how items are exported, and what elements to
include in the export.
Oculus Quest 2: In order to be able to turn the pre-existing scenes from Blender into
interactive virtual reality games, a virtual reality headset was required. Despite the variety in VR
headset devices, the optimal choice for the purposes of this project was the Oculus Quest 2. This
is the newest of the Oculus devices (at the time the project was carried out), and is an Android
device that has the ability to connect to the game engine, Unity. Oculus devices “include
spatially tracked controllers, integrated open-ear audio, and support for Oculus Link which
enables users to access their Oculus Rift library of apps from their gaming compatible PC”
(Oculus Developers, https://developer.oculus.com/quest/).
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The Oculus Quest 2 consists of one headset, hand controls, and a charging cable. In order
to develop the VR scene, the headset must be paired to the computer, and developer mode must
be employed on the device. Once all of the initial components are set up, the combination of
Unity and the Oculus Quest 2 allow for the developer to build the scene, and immediately run the
program to view the adjustments in VR in real time as adjustments are made.
Building in Unity: After enabling developer mode on the Oculus, and transferring the
mesh, the objects must be assigned physical properties. Each mesh object requires a RigidBody
and a collider in order to be recognized and interacted with. Once these properties are assigned,
several components must be determined such as mass, bounciness, etc. In some cases, a code
must be written in order for the game to reset itself, or to control certain functions. The game that
was designed for the purposes of this project contains several scripts written in order for each
scene to run seamlessly. The design process and purpose of each individual scene is described
below.
VR Scenes
Airplane Scene- Eye Movement: The first scene presented to the player consists of an
airplane flying horizontally across the sky. The individual is tasked with tracking the airplane
across the sky with his or her eyes in order to achieve greater control over the speed of his/her
eye movements. This scene was both designed and animated in Blender, and then transferred into
Unity. The three-dimensional airplane was constructed in the game engine, Blender. The airplane
was created utilizing an initial cylinder shaped mesh that was then constructed into the shape of
an airplane. Behind the airplane lies a large flat plane that effectively acts as the background;
however, the background video was not added to the background until the objects were
transferred into Unity. Prior to the transfer, the animation of the airplane was created in Blender.
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The simple animation shows the airplane flying across the sky from right to left. There are two
versions of the airplane’s flight animation, a slow version and a more difficult fast version. After
transferring the two game objects: the airplane and the background plane into Unity, the
background video was added to the plane. A script was written in Unity to allow the individual to
switch between the two speeds at the click of a button: fast and slow, allowing the individual to
have more control of the level of game difficulty. Figure 2.1 shows the airplane scene utilized for
eye movement.
Airplane Scene-Head Movement: The scene utilized is identical to the scene used for eye
movements, though here, the individual is asked to track the movement of the airplane flying
across the sky from right to left, then from left to right back to the initial starting point, without
moving the neck, torso, or shoulders. Like the above scene, this scene allows the player to switch
between fast rate and slow rate by pressing a button on the controller. Figure 2.1 shows the
airplane scene utilized for head movement.

Figure 2.1. Airplane Scene in Unity
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Book Scene-Stretch Movement: Similarly, to the previous scenes described, the initial mesh
elements of this scene were created in Blender, and transferred into Unity. A rigid body and box
collider were assigned to each book, as well as the box in the center of the room. The specific
movements targeted in this scene are stooping, stretching, and aiming. The scene includes a large
cardboard box that is surrounded by twelve books of varying colors, scattered on the floor on
either side of the box. The individual must stoop and stretch to pick the book up off the floor,
and then aim as they place the book into the box in the middle of the room. This task is repeated
until all of the books have been placed in the box.
Once the book is placed in the box, it disappears from the box, giving the impression that
the box remains empty. There is no significance to this element, it is purely a design element
utilized to maintain simplicity in programming, the task of the game remains the same. Figure
2.2 shows the book scene.

Figure 2.2. Book Scene in Unity
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Brick Wall Red Ball Scene-Bilateral Coordination Movement: The two main structures
in this scene are the brick wall and the red ball. These mesh objects were initially designed in
Blender and transferred into Unity for animation purposes. Upon transferring these objects into
unity, a rigid body and collider are assigned to each. This is necessary to create physical
properties, and to allow the objects to interact with one another. Physical properties such as mass
and bounciness were added to the ball, to allow the ball to bounce against the wall. A delicate
balance must be maintained between bounce and mass of the ball, in order for it to bounce back
to the player to be caught easily. A code was written in order for the ball to immediately return to
the start position by pressing “A” on the controller.
The purpose of this scene is to utilize both hands simultaneously in order to perform a
task. The player must use both hands to pick the ball up off the ground, throw it against the wall,
and then catch it again. Figure 2.3 shows the brick wall scene.

Figure 2.3 Brick Wall Red Ball Scene in Unity
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Instructions
In order for the player to understand what is asked of them prior to beginning the game,
an introduction scene will appear in between each exercise. The introduction screen is a simply
designed space that only includes text instructions for each task such as: “Follow the path of the
airplane using only your eyes”, or “press A to proceed to the game”. The individual can take
their time to read the instructions and proceed in their own time.
Safety Considerations
One of the more crucial considerations to discuss in the creation and potential use of the
proposed VR video game as a method for treatment is safety. Individuals who are chronically
dizzy experience a degree of imbalance that should be taken into account when attempting VR. It
is widely known that VR can elicit dizziness and motion sickness in some individuals, also
known as VR sickness (Saredakis et al., 2020). Taking the potential side effects into account, the
player should first try these exercises in a seated position, ideally with another individual present
to assist if necessary. The Oculus has an initial safety feature included in that one must set a
boundary prior to accessing any games. The boundary can be stationary or can be drawn. As
soon as an individual crosses the boundary, they no longer find themselves immersed in the
game, but instead they can see their surroundings.
These exercises should be completed in a seated position to start, followed by a standing
position. Any potentially hazardous items should be removed, and a boundary should be created
based on the space available in order to avoid tripping or knocking items over. Proper
precautions and preparations must be taken care of prior to beginning the game.
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Game Difficulty
In order for the games to be effective, to ensure they address the main goals of vestibular
rehabilitation such as habituation and adaptation, the game must increase in difficulty over time.
As the exercises are meant to be done multiple times, over a longer period of time, they must
become increasingly more challenging as the individual begins to adapt. One way in which the
difficulty can increase is by first having the individual remain seated while performing the
exercises, and then repeat the exercises in a standing position.
This is an essential element of the Cawthorne-Cooksey exercises, as typically an
individual will transition from performing the exercises in a seated position to a standing
position. This is most easily accomplished for the tracking exercises and the bilateral
coordination exercise, as these scenes do not require the individual to walk around. There is no
feature in the game that allows the individual to increase the difficulty virtually.
Implications
Though the use of Virtual Reality within vestibular rehabilitation is not used as
commonly as traditional vestibular rehabilitation measures, it is a worthy alternative in aiding
with vestibular dysfunction. VR offers a safe and pleasant experience for the patients going
through vestibular rehabilitation.
The proposed VR-based vestibular rehabilitation offers a treatment option based on
existing vestibular rehabilitation methods in a more exciting, immersive environment. The goal
is for this game to be accessible to any individual with peripheral vestibular dysfunction who has
the desire and the access to a virtual reality headset. An at-home vestibular rehabilitation option
allows the individuals to perform the exercises at a time that is convenient for them. There are of
course, many considerations in implementing a rehabilitative measure like this, such as safety
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and effectiveness. These considerations must be further explored in an experimental study prior
to implementing this game with real patients.
The proposed VR treatment sought to improve on some of the limitations noted in
previous VR treatment plans outlined in this paper. One of the biggest limitations stems from the
design of the virtual reality. In creating scenarios based on simple real-life situations, the hope is
that the individual is able to easily translate these exercises and movements into real life to better
habituate to situations that lead to episodes of dizziness.
VR has been shown to be as effective as typical vestibular rehabilitation methods. In their
investigation of VR based therapy, Yeh et al. (2014) found that the VR treatment helped to
improve the upright balance control in patients with vestibular dysfunction, with participants
showing significant improvement in their balance index scores. They found that those patients
who were treated for their vestibular dysfunction had less average deviation from the center of
gravity, as their scores on the balance index were lower than at the start of treatment. This
indicates tremendous improvements in the individuals’ ability to maintain their balance, and in
turn, experience fewer symptoms of dizziness.
Hsu et al. (2017) found that the participants in their study saw significant improvement in
their extension and coordination scores, indicating that VR rehabilitation can be useful in those
with Meniere’s particularly for those experiencing early stages or mild functional disability.
Stankiewicz et al. (2020) found VR-based rehabilitation to be as effective in decreasing
symptoms of dizziness among chronically dizzy individuals. The authors also found that those
individuals in the VR treatment group experienced more enjoyment and satisfaction in their
treatment as compared to the participants performing traditional rehabilitation.
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Aside from the success and enjoyment of the treatment in individuals with vestibular
dysfunction, VR also provides an option for accessible, home based therapy for individuals who
cannot leave the house. Many individuals may find it difficult to fit an appointment with a
physical therapist into their schedule, so incorporating a VR based game that can be used with
VR goggles offer an alternative that the individual can use at a time that is convenient for them.
This can be especially useful for those who experience dizziness so debilitating that it hinders
their ability to travel.
In addition to the accessibility of home-based therapy, VR can offer a more cost-effective
solution to traditional vestibular rehabilitation or physical therapy. Bergeron et al. (2015) write
that vestibular rehabilitation can be both lengthy and expensive, and while VR therapy would
still take place over a longer period of time, the cost is typically lower. Many individuals already
own smartphones, and VR goggles are available in stores and online, with the less expensive
options starting at about $30.
Though VR offers an accessible, and enjoyable alternative to traditional vestibular
rehabilitation, it is also important to consider that the novel technological aspect might be
intriguing for younger individuals who are already familiar with video games. Many individuals
already constantly spend time playing games on their mobile devices, and the video game
element can motivate individuals to complete their exercises daily. It is paramount to consider
the use of virtual reality based vestibular rehab as an alternative, or even accompaniment, to
traditional vestibular rehabilitation therapy.
In conclusion, this virtual reality game has the potential to change the way that individuals
experience vestibular rehabilitation. This game offers an accessible option for vestibular
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rehabilitation that can be performed essentially anywhere, and is as effective as traditional
vestibular rehabilitation.
Limitations
At this stage of development, this game is only compatible with Oculus devices. While
some devices, such as the Samsung Gear start at approximately $30, this device is priced at
$300. This is an important factor, as it greatly limits accessibility to low income individuals. One
should also consider the limitations this device places on those who are not technologically
savvy. Individuals who are not as familiar with electronics and only rely on basic technology will
likely have difficulty utilizing the Oculus device.
This game was designed to be intended exclusively for individuals with peripheral
vestibular dysfunction. Any related experimental research should examine the effect of the
rehabilitative methods on those with peripheral lesions, such as individuals with BPPV.
Safety and spatial considerations must be taken into account when utilizing the Oculus
device to play the proposed game. Some of the exercises require more space and a wider
boundary in order to properly perform them, and these features cannot be changed in the game
itself. Individuals who have limited space should take that into consideration before trying the
game.
Further Research:
Prior to release as a legitimate rehabilitation app, experimental research must be
conducted in order to determine its efficacy in aiding individuals with vestibular rehabilitation.
In theory, the game scenes mimic the widely accepted Cawthorne-Cooksey exercises; however,
they have not yet been utilized in treating individuals with vestibular dysfunction. Further
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knowledge and information are necessary in order to more comprehensively understand the
utility of the app.
Additional development on the VR game can be performed to enhance it and with that,
enhance the enjoyment of the user. In the future, it would be beneficial to reprogram the game
and allow the player to increase the difficulty level incrementally as necessary rather than simply
relying on changing from seated to standing. Expanding the game and adding additional scenes
can also increase the overall satisfaction of the player, so as to introduce some variety.
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